Introduction {#S1}
============

Noninvasive ventilation (NIV), often delivered as bilevel positive airway pressure (PAP), has been used successfully in neonates, infants, children, and adults with acute and/or chronic respiratory failure. Though not a true mode of ventilation, continuous positive airway pressure (CPAP) has also proven quite useful in some patients with respiratory failure, and is often included in discussions of NIV. NIV may help avoid tracheal intubation,^[@R1]--[@R4]^ and may also help preserve pharyngeal function including speech and swallowing abilities during an episode of respiratory failure;^[@R4]^ it may also help avoid other complications related to invasive ventilation,^[@R5],[@R6]^ and its use has been associated with a decrease in mortality in selected populations.^[@R3],[@R7]^

In addition, CPAP for adults with acute respiratory failure in the prehospital setting has been associated with a decreased rate of intubation as well as mortality when compared to usual care.^[@R8]^ Both CPAP and bilevel PAP have been utilized during medical transport and in the prehospital setting for patients at various ages, and with various diseases. We reviewed the use of NIV- including both CPAP and bilevel PAP- during pre- and out-of-hospital care. The use and utility of NIV in this regard is increasing, in part as this therapy has been used extensively on patients with chronic disease who live at home. In addition, the utility of NIV as a primary therapy for many types of acute respiratory failure is expanding.

Epidemiology {#S2}
============

Well-recognized benefits of NIV compared to invasive mechanical ventilation (simplicity of application, decreased need for sedation, and ability to rapidly discontinue as needed) suggest a potential role for NIV in pre- and out-of-hospital settings. Early experience with NIV in these settings suggests there are differences in its utility depending in part on patient age, and reflecting the different spectrum of diseases common to different age groups.

It is likely that early application of NIV contributes to success in patients with respiratory distress and incipient failure. The presence of dyspnea, tachypnea, and the use of accessory muscles of respiration are good indicators of respiratory distress at any age, and help to identify patients who may benefit from NIV. Contraindications to the use of NIV should be familiar to practitioners ([Table 1](#T1){ref-type="table"}).

Table 1Contraindications to noninvasive ventilation.Relative contraindicationsAbsolute contraindicationsAgitation and/or decreased level of consciousnessCardiorespiratory arrestBarotraumaFacial or neck trauma or significant recent surgeryHemodynamic instabilityMassive hemoptysis or gastrointestinal hemorrhageHigh risk of aspirationUpper airway obstruction (complete)Inability to protect airwayInability to tolerate an interface device

Pediatric *vs* adult patients
-----------------------------

Interhospital transport of neonates, infants, and children presents a similar situation compared to the prehospital setting. Many neonates, infants, or children require prompt referral to regional centers capable of providing more advanced therapies, and transport may be initiated in the clinic or the emergency or inpatient ward of a clinic or hospital. NIV may be initiated as a new therapy prior to such transport, or continued during transport as chronic therapy.

Reports of successful interhospital ground transport utilizing CPAP in neonates and infants include several series from Great Britain,^[@R9],[@R10]^ as well as a larger series (n=207) from Australia.^[@R11]^ This last report included mainly neonates and infants with respiratory distress syndrome, but also included some with bronchiolitis, chronic lung disease, and congenital heart disease.^[@R11]^

A small series of infants and children (n=25), most with neurologic or pulmonary disease, were treated with CPAP or bilevel PAP during interhospital transport: patients had a broad spectrum of disorders commonly encountered in pediatric critical care, though no one had acute respiratory distress syndrome.^[@R12]^ Around 1/3 of these patients were NIV-dependent (mostly bilevel PAP) prior to transport: most of these had severe, chronic neurologic disease, and constitute a growing population of inpatients with respiratory failure in some pediatric intensive care units;^[@R13]^ transport bilevel PAP capability may help smooth their transition from outpatient to inpatient (and back again). Though there were no significant complications, over 1/4 of all transports required the use of advanced pediatric airway skills by the transport personnel (airway suctioning, bag-valve-mask ventilation, and cough-assist therapies).

Acute cardiogenic pulmonary edema in adults responds well to NIV in the pre- or out-of-hospital settings:^[@R2],[@R14]--[@R19]^ CPAP appears to be as or more effective than bilevel PAP in these patients, though both are associated with decreased work of breathing and increased cardiac output.^[@R20]^ More recently, it appears that adults with a variety of causes for acute respiratory failure, including chronic obstructive pulmonary disease and asthma, as well as those with cardiogenic pulmonary edema, benefit from CPAP compared to routine care: the need for tracheal intubation is decreased, as is mortality.^[@R8]^ The application of NIV in the pre-and out-of-hospital settings is likely to be much broader than currently appreciated.^[@R21]^ Additional patient populations likely to benefit from out-of-hospital NIV include those requiring generous pain control and/or anxiolysis (in whom appropriate therapy in the pre- or out-of-hospital settings is likely to improve outcome),^[@R22]^ and patients with limitations in life-sustaining treatments including those requiring end-of-life care.^[@R23]^

Air transport and noninvasive ventilation
-----------------------------------------

CPAP has been used successfully in some neonates (most with neonatal respiratory distress syndrome) during air transport.^[@R11]^ Experience with CPAP for adults with obstructive sleep apnea during routine commercial airline operation is growing: guidelines governing in-flight use are common,^[@R24]^ and some commercial providers offer explicit guidance on their websites.^[@R25]^

Consideration regarding the use of NIV during air transports should focus on the limitations in space, equipment and personnel associated with the use of aircraft, as well as altitude physiology: gas in a closed space will expand in volume with altitude, as oxygen tension, as well as humidity and temperature, decline. The effect of an expanding collection of inspired gas in the stomach of a child newly introduced to NIV, or of decreasing humidity of inspired gas in the same patient with viscous, drying airway secretions- may be difficult to predict.

Practice of noninvasive ventilation during pre- and out-of-hospital care {#S3}
========================================================================

The technology of NIV continues to evolve, and some terminology may be confusing; informative reviews of NIV are available which clarify most aspects of this therapy.^[@R4],[@R26]^ The actual practice of NIV in the pre- or out-of-hospital setting is dependent on the availability of adequately trained transport personnel, monitoring capabilities, as well as specific equipment.

Technology
----------

The provision of NIV requires a source of gas under pressure, tubes to transport that gas, as well as a patient interface device. Provision of NIV in the pre- and out-of-hospital settings thus may require large reserves of high-pressure oxygen and/or air, which could limit the use of NIV during transports of long duration. Desirable device characteristics for NIV transport devices include durability, lightweight and compact size, as well as compatibility with available types of power. Airway circuits that are easy to use and compatible with other respiratory care equipment likely to be encountered are best. Understanding and experience with the different modes, interface devices, and appropriate use are important to successfully apply NIV during transport in both acute and chronic respiratory failure.

CPAP is applied to spontaneously breathing patients: a constant airway pressure is delivered during inspiration and expiration. CPAP keeps alveoli open during exhalation and favors gas exchange during the entire respiratory cycle, thus helping to improve oxygenation via an improvement in ventilation-perfusion matching; it may also contribute to a re-distribution of lung water. Cardiovascular effects may include a decrease in preload by reducing venous return as well as a decrease in after-load by a reduction in left ventricular systolic wall stress; patients with heart failure and hypervolemia often manifest a decrease in pulmonary congestion and an increase in cardiac output with CPAP.^[@R27]^ The optimal level of CPAP for patients at different ages is not precisely known, and depends in large part on the underlying disease and its severity.

Positive end expiratory pressure (PEEP) valves may be used to provide CPAP when appropriately attached to an interface device (usually a face mask), and are often able to accommodate variable gas flow. These simple devices do not regulate oxygen or air flows, or specify an oxygen concentration. Boussignac CPAP is a lightweight, disposable plastic device that contains no mechanical valve or sensor, and may be attached to a face mask or tracheostomy. A flow of oxygen and/or air accelerates via four parallel microchannels creating a flow dependent pressure in the plastic tube. Boussignac CPAP has been successfully used by personnel unfamiliar with conventional mechanical ventilators^[@R28]^ as well as in the emergency department for adults with cardiogenic pulmonary edema,^[@R29]^ and a recent trial suggests that it may have utility in the pre- or out-of-hospital setting.^[@R30]^ CPAP may also be provided in the absence of a ventilator using a bubble CPAP device: mechanical oscillatory vibrations are transmitted into the lungs as a result of non-uniform flow of gas bubbles from an underwater seal. In addition to devices able to provide CPAP only, numerous mechanical ventilators are able to provide CPAP while also offering the flexibility of using bilevel PAP when needed.

Bilevel PAP is used in patients requiring assistance throughout the respiratory cycle. For the most part, pressure-limited ventilators are used to provide NIV, resulting in bilevel PAP. Commonly used modes of bilevel PAP include both controlled and assisted ventilation: controlled bilevel PAP is time-triggered, while assisted bilevel PAP is triggered by the patient (by an increase in flow or a fall in airway pressure) and cycled as flow decreases or airway pressure increases beyond some limit, or in a timed fashion. As pressure-limited ventilators deliver a preset pressure during inspiration and the delivered tidal volume depends on airway impedance, any leak in the system is compensated by an increase in the flow and any obstruction in the circuit or in the airway results in a decrease in the delivered volume. Pressure-limited ventilators vary widely in their ability to compensate for air leaks.^[@R31]^ The pressure support mode is generally better tolerated than pressure control, and provides a set pressure upon patient triggering which commonly allows the patient to control both inspiratory and expiratory times. BiPAP devices (Respironics Inc/Philips Healthcare, Andover, MA) provide bilevel PAP using spontaneous and timed modes of ventilation, analogous to pressure support and control mode settings on other devices.

Equipment
---------

NIV interface devices include masks (nasal or face) as well as nasal prongs and pillows; rarely, mouthpieces have been utilized ([Table 2](#T2){ref-type="table"}). Full face masks may be poorly tolerated in some patients, and their use requires close observation to ensure that vomiting does not result in aspiration; frequently, however, they provide a better seal than nasal masks, thus avoiding major leaks and resultant NIV intolerance. Masks may be vented or nonvented; non-vented masks fixed tightly to the patient are utilized with a device which has an exhalation valve, permitting release of carbon dioxide without (open) exhalation ports. When used with vented masks, devices with an exhalation valve may autocycle. Full face mask improves efficacy by decreasing leaks and is appropriate for use in the setting of hypoxemic respiratory failure. Helmet interface devices serve as oxygen head tents and provide a predictable concentration of oxygen via CPAP. These devices may obviate some of the problems related to skin breakdown with prolonged NIV use via other interface devices; they have been used successfully on adults in the prehospital setting.^[@R18]^

Table 2Noninvasive ventilation interface devices.Face maskHelmetMouthpieceNasal maskNasal pillowsNasal prongs

Many currently available ventilators are portable, lightweight, durable, and able to work either with a battery or commonly available electric power sources; these are important criteria to consider when selecting ventilators for use outside the hospital. Additional features generally include settings for a backup (or apnea) rate and a variety of sophisticated alarm capabilities. Some ventilators also offer the ability to set more complex parameters, including flow characteristics and leak compensation; they may also offer spirometry graphics. NIV has been provided during pre- or out-of-hospital care using a variety of devices ([Table 3](#T3){ref-type="table"}). No preference for a particular ventilator is apparent in the currently available literature, and the authors have participated in transports utilizing other NIV devices than those listed in [Table 3](#T3){ref-type="table"}.^[@R2],[@R8],[@R9],[@R10]--[@R12],[@R14],[@R19]^

Table 3Devices used to provide continuos positive airway pressure and/or bilevel positive air-way pressure in prehospital setting or during medical transport.DeviceInterface deviceAge rangeReferenceBio-Med Devices MVP-10Nasal prongsN12  (Guilford, CT)Drager Babylog 2000Nasal prongsN, I9  (Telford, PA)Drager Oxylog 3000Face maskA14  (Lubeck, Germany)Electro Medical Equipment LtdNasal prongsN10Infant Flow Driver  (Brighton, Sussex, UK)[\*](#TF3-1){ref-type="table-fn"}Pulmonetics LTV-1000Nasal prongs, nasal maskI, C12  (Minneapolis, MN)Respironics WhisperflowFace maskA2, 8  (Prospect Park, PA)[\*](#TF3-1){ref-type="table-fn"}Respironics BiPAP S/TFace maskA19  (Prospect Park, PA)Stephan ventilatorNasal prongsN, I11  (Saarbrucken, Germany)[^2][^3]

Respiratory frequency in a pressure control (or timed) mode is often set higher than the patient\'s own respiratory efforts in order to avoid unsupported, spontaneous breaths. The trigger sensitivity for pressure support breaths may need frequent adjustment, particularly in pediatric patients who may not generate as much flow or pressure drop with each breath compared to adults. For most pediatric patients, a pressure of 4--6 cm of water is sufficient as an initial CPAP setting, while a pressure of 10 cm of water has been used frequently in adults.^[@R2],[@R8]^ Typical initial settings for bilevel PAP include an inspiratory pressure between 8--12 cm of water and expiratory pressure of 3--5 cm of water. The inspiratory pressure is gradually adjusted to a level that overcomes the work of breathing, while the expiratory pressure is set to achieve upper airway patency at end-expiration and restore adequate functional residual capacity, as reflected by improved oxygen saturation. The fractional concentration of oxygen is widely variable (from 0.21 up to 1) in patients treated with NIV during transport,^[@R11],[@R12]^ depending on the underlying pathology. Additional NIV equipment concerns include the use of humidification devices and compatibility with aerosol medication administration. Humidification is more important for infants and young children, and may be provided by heated or unheated passover devices, pass through devices, and heat and moisture exchangers. Many bilevel PAP devices incorporating continuous flow circuits allow the administration of nebulized medications without a change in delivered pressures.

Transport personnel
-------------------

Transport personnel providing NIV are generally paramedics; a physician, nurse, and/or respiratory therapist may be included on pediatric transports. However, nurses- not paramedics- are responsible for neonatal transports in some locales. Transport personnel need specific educational programs that include comprehensive respiratory care training with practical examinations, annual training updates (which may include simulation training), as well as familiarity with local NIV transport protocols.^[@R8],[@R12]^ Existing protocols^[@R26]^ may be used as a springboard for the development of local NIV transport protocols.

Transport personnel who utilize NIV in acutely ill adults may believe that NIV in pre- or out-of-hospital settings is safe and easy to use,^[@R19]^ while those who utilize NIV in sick infants or children may suggest the need to be particularly well-trained and experienced.^[@R12]^ The sensation of positive pressure and the anxiety and distress associated with underlying disease are often difficult for these patients to tolerate; patience and reassurance, as well as careful, continuous monitoring are essential to the success of NIV in children. Gradual increases in airway pressure, alternative interface devices, and care to appropriately recognize and treat complications ([Table 4](#T4){ref-type="table"}) will be helpful in order to increase NIV success. Additional training for pediatric providers may be important (though data are limited); bilevel PAP capability in these teams mandates the ability to address the problem of excessive airway secretions and the inability of young patients to clear them. Transport personnel should therefore be trained in the appropriate use of devices to clear airway secretions, including suction and bag-valve-mask ventilation, as well as cough-assist devices. The ability to recognize progressive respiratory failure during NIV is essential, as it may establish the need for tracheal intubation with invasive mechanical ventilation.

Table 4Common complications of noninvasive ventilation.Common complicationsAspiration pneumoniaGastric distentionHypercarbiaInterface device leaks and intolerancePressure sores or lesionsVentilator asynchrony
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